This paper describes a highly sensitive small scale enzyme immunoassay for human chorionic gonadotropin (hCG) in pregnancy urine using a microtransferable plastic bead (MTPB) as solid phase.
PREPARATION OF~-bCG-SEPHAROSE 4B
-hCG (0·3 mg, Boehringer Mannheim GMbH, Mannheim, FRG) was coupled to 0·1 g CNBr-Sepharose 4B (Pharmacia Fine Chemicals AB, Uppsala, Sweden) according to the instructions of Pharmacia.
PREPARATION OF AFFINITY-PURIFIED (ANTI-~-hCG) IGG AND F(ab'h Rabbit anti-hCG IgG (10 mg in 2·0 mL of 0·1 moVL sodium phosphate buffer, pH 7·0) was passed down a washed~-hCG-Sepharose 4B column of 5x17 mm at a flow rate of 1 mUh. Bound IgG was eluted with 0·1 moVL glycine-HCI, pH 2·5 and neutralised with 2·0 moVL Tris-HCI, pH 8·0. The yield was 0·1 mg, F(ab'h (60 mg) were absorbed on a 5x60 mm Sepharose 4B column, otherwise conditions were the same as for the IgG. The yield was 0·9 mg.
PREPARATION OF Fab'-PEROXIDASE CONJUGATE
The affinity-purified anti-~-hCG F(ab')2 was reduced to Fab' with 2-mercaptoethylamine, and then conjugated to horseradish peroxidase (grade 1, lyophilised, RZ=3·0, Boehringer Mannheim GmbH, Mannheim, FRG) using N-succinimidyl 6-maleimidohexanoate. The IgG-coated MTPB was incubated with ().()J mL of standard hCG or O·()()5 mL pregnancy urine and 0·005 mL of 0·01 mol/L sodium phosphate buffer, pH 7·0 containing 0·1% bovine serum albumin in a small glass tube at 30"C for 5 min or 2 h and then transferred to diameter) was cut with a blade to ()'8 mm in length and washed with deionised water by using an ultrasonic cleaner. Approximately 1000 of the beads were coated with 1·()-I·S mL of 0·01 mg-Ovl mg affinity-purified anti-~-hCG IgG in 0·1 mol/L sodium phosphate buffer, pH 7·5 by incubation at room temperature or 4°C overnight and stored in 0·01 moVL sodium phosphate buffer, pH 7·0 containing 1·0 giL bovine serum albumin and 0·1% NaN~. A needle (0·6 mm in diameter, 2·2 em in length) was connected to the affinity-purified anti-~ hCG IgG coated bead by inserting the needle into the bead to form a IgG-coated MTPB (Fig. 1) .
PREPARATION OF IgG-COATED MICRO-TRANSFERABLE PLASTIC BEAD
GloSS tube SOlution Plastic bead another glass tube contanung ()'OI mL of affinity-purified anti-~-hCG Fab'-peroxidase conjugate «).(J()J-O·OI mglmL) at 30°C for 5 min or 3 h. The immunological reaction was stopped by transferring the IgG-coated MTPB after briefly washing under a tap, to a third tube for the peroxidase assay.
SMAI.1. SCAI.E ASSAY OF I'EROXII)ASE ACTIVITY

Colorimetric assay
The peroxidase bound MTPB was incubated with ()-(l2 mL of substrate solution containing ()·48 mmol/L 3,3' ,5.5'-tetramethylbenzidine (Dojindo labs, Kumamoto, Japan) and ().(J()5'Yo hydrogen peroxide at 4°C for 5-6() min with the needle removed from the MTPB. The enzymatic reaction was stopped by adding ()'(l2 mL of 4 N sulphuric acid to each tube. The absorbance was measured at 450 nm in <I microcell «).()4 mL, modified by this Laboratory) using a Spectrophotometer.
Fluorimetric aSSI'Y
The peroxidase bound MTPB was incubated with ()·02 mL of substrate solution containing 0·4 giL 3-(p-hydroxyphenyl) propionic acid (Aldrich Chemical Co, Inc, Milwaukee, Wisconsin, USA) and ()·005% hydrogen peroxide" at 300C for 60 min with the needle removed from the MTPB. The enzyme activity was stopped by adding 0·1 mL of O'I mol/L glycine-NaOH, pH 10·3 and measured in a microcell (0·1 mL, Hitachi, Ltd., Tokyo, Japan) using a Hitachi Fluorescence Spectrophotometer (Model F-4000, Hitachi, Ltd., Tokyo, Japan). The wavelengths fo~excitation and emission analysis were 320 nm and 405 nm, respectively.
RADIOIMMUNOASSAY
The radioimmunoassay was performed according to the Kit (RIA KIT for~-hCG, Biochemical Reagents Institute of Shanghai. Shanghai, China) instructions using 0·1 mL pregnancy urine sample in duplicate. EXPRESSION 01' DETECTION I.IMIT
The detection limit was taken as the minimal amount of hCG which gave peroxidase activity bound significantly above that nonspecifically bound in the absence of hCG (background). The existence of a significant difference from the background was confirmed by the r-test For the peroxidase assay, different incubation temperatures were examined. The peroxidase colour development was more stable at 4°C than 300C for 60 min incubation. To determine optimal conditions for coating the bead, different concentrations of affinity-purified anti-~ hCG IgG and different temperature of incubation were examined. Best results were achieved using 0·02 mg/mL of affinity-purified anti-~ hCG-IgG with overnight incubation at 4°C. Using these conditions 0·02 mg IgG coated about 1000 the MTPB. For the immunological reaction, serial dilutions of affinity-purified anti-~-hCG Fab'peroxidase conjugate were examined. The maximum rates of specific binding (hCG 1·0 mUI tube) to non-specific binding (hCG 0 mU/tube) were obtained by using 0·001 mg/mL of the conjugate at 4°C for 3 h in the 6 h colorimetric and fluorimetric assays, and 0·01 mg/mL of the conjugate at 300C for 5 min in the 15 min colorimetric assay, respectively. The amounts of Fab' -peroxidase conjugate required for 1000 tubes were 0·1 mg for the 15 min assay and 0·01 mg for the 6 h assay. The affinity-purified anti-~hCG IgG-coated MTPB was incubated with and without hCG and then with the affinity-purified anti-~hCG Fab' -peroxidase conjugate in the presence and absence of threefold diluted normal male serum, followed by washing and assay of the bound peroxidase activity. The non-specific binding of the Fab' -peroxidase conjugate to the MTPB in the absence of hCG considerably decreased in the presence of normal male serum, while the specific binding in the presence of hCG only slightly decreased. The detection limit of hCG was considerably improved (three to fivefold) in the presence of normal male serum. say) with 0·005 mL of standard addition of hCG (100 UIL, 300 UIL and SOO U/L, Serva, Feinbiochemic GMbH, Heidelberg, FRG) and the recovery was 92-102%.
SENSITIVITY OF hCG ASS A YS
Using 0·005 mL of pregnancy urine, the limits of detection for the colorimetric assay were 0·01 mU (1,5 pg)/tube (2·0 mU/mL urine, p<0'01) with a 6 h incubation and 0·1 mU/tube (20 mU/mL urine, p<O·Ol) with 15 min incubation (Fig. 2) . The 6 h incubation enabled the detection of hCG concentrations of 0·001 mU/ tube (0,2 mU/mL urine, p<O'02, Fig. 3 ) by the fluorimetric assay.
ASSAY PRECISION
The MTPB to MTPB variation was studied with zero and 10·0 ng/mL standard hCG in the 6 h assay. The precision for each over 30 MTPB was 4·5 and 6·7% (CY), respectively. The results of intra-and interassay for hCG in diluted pregnancy urine are shown in the Table. COMPARISON WITH RADIOIMMUNOASSAY hCG levels in 45 pregnancy urine samples (50-2000 UIL) were determined by the colorimetric sandwich enzyme immunoassay using MTPB as solid phase in 15 min assay (EIA) and by a competitive radioimmunoassay (RIA). The regression equation was Y(EIA)=O'97 X (RIA)+3·0, r=0·98.
Discussion
The use of a polystyrene ball of 3·2 mm diameter as the solid phase for a sandwich enzyme immunoassay gave highly sensitive results. However, by comparison the MTPB has the following advantages: (a) it is very small and, therefore, suitable for small scale (total volume 0·0l mUtube) sandwich enzyme immunoassay to measure clinicallyimportant antigens using capillary blood from a finger prick or dried. blood on a small filter paper disc, (b) washmg steps between immunologicalreactions are very simple, (c) the MTPB is about 20-fold less expensive than the polystyrene ball (d) only 0·02 mg IgO is necessary for coating 1000 MTPB and only 0·01-0·1 mg of costly Fab'peroxidase conjugate is necessary for 1000 assays. This renders our technique very economical.
The MTPB is approximately the surface area of the 3·2 mm diameter polystyrene ball and thus, the maximum absorbance is lowered. The assay sensitivity, however, is not influenced, since the level of the nonspecific binding (background) is considerably lower, and the final volume for measurement is very small (0·04-0·12 mL). The sensitivity of the present 15 min hCG assay is significantly higher than that of the I-day hCG radioimmunoassay (detection limit 10 ng/mL) used here, and the precision of the present method is satisfactory for clinical purposes.
We have also developed a method using the MTPB as solid phase for determination of hCG in human pregnancy serum by obtained from finger blood. A number of samples are now being investigated and the results will be reported in the future. . W,e think t~at the principle of this technique IS WIdely applicable m the field of antigen and antibody detection by immunoassay.
